M ortality rates for coronary artery bypass grafting (CABG) have been the target of intense scrutiny. Quality improvement efforts, improved surgical practices, medications, and data feedback have resulted in a national in-hospital mortality rate of 2% for isolated CABG surgery. 1 Although rates have remained low, patients currently undergoing cardiac surgery are older and have more comorbid conditions than in the past. 2, 3 Continued efforts are needed to maintain and to improve outcomes for all risk groups.
In the winter of 2005, Northern New England Cardiovascular Disease Study Group's (NNECDSG) members reviewed their regional mortality data from 2002 to 2003. The in-hospital mortality rate for patients undergoing isolated CABG surgery during that period was 2.2%. Further stratification by acuity revealed that 67% of patients who died were classified as urgent patients. Those patients accounted for 68.9% of all deaths. Patients with a recent myocardial infarction accounted for 19.7% of the deaths, whereas patients without a recent myocardial infarction accounted for 49.2% of the deaths.
With this knowledge, the NNECDSG undertook a quality improvement effort to reduce mortality for urgent patients undergoing CABG surgery by optimizing a patient's readiness for surgery during the preoperative period. Urgent patients are not at risk of immediate morbidity or death but are too unstable to be discharged. Interventions to reduce a patient's risk of death were identified through a review of the literature and the recommendations from the 2004 American College of Cardiology/American Heart Association (ACC/AHA). 4 
The Northern New England Cardiovascular Disease Study Group
The NNECDSG was founded in 1987 to improve care of patients undergoing revascularization. This is a voluntary regional consortium of physicians, nurses, allied health professionals, hospital administrators, and research scientists from all of the hospitals in northern New England that provide open-heart surgery as well as most hospitals in the area that support percutaneous coronary interventions. The NNECDSG has been widely recognized for published works regarding risk assessment and process improvement in caring for patients who undergo cardiovascular procedures. [5] [6] [7] The NNECDSG data collection forms and definitions are available at their website, www.nnecdsg.org. The registry is validated every 2 years to ensure capture of all procedures and vital status (dead or alive) at discharge. The NNECDSG's registry was approved as a quality improvement registry by the internal review boards at 7 of the 8 NNECDSG centers. The remaining center's institutional review board has approved the study.
Methods

Designing the Intervention of the Readiness Bundles
This study had a quasi-experimental design that used interrupted time series with data collected before the intervention, a sample of data on the interventions during the intervention, and data analysis 3 years after the intervention. This design measured the implementation of the interventions in short time segments to allow adjustment in the intervention when needed.
Preoperative Interventions
The interventions were grouped into a bundle called the "readiness bundle" that included 7 interventions: use of aspirin (within 7 days), use of a β-blocker (within 24 hours), use of a statin-type lipid-lowering agent (within 24 hours), preoperative hematocrit greater than 30%, 6 AM glucose level less than150 mg/dL (to convert to millimoles per liter, multiply by 0.0555) on the day of surgery, delaying surgery a minimum of 3 days after an acute myocardial infarction, and induction heart rate less than 80/min.
Implementing the Readiness Bundle
The readiness bundle was implemented at all 8 medical centers. Each center developed its own "readiness for surgery" work group consisting of a surgeon, an advanced level provider, registered nurses, administrators, quality personnel, an anesthesiologist, and a cardiologist. Each center used a strategy for implementation that they thought was most adaptable to their environment (ie, an order set or a checklist). A nurse champion at each center held the team accountable for operationalizing the checklist. Every 4 months, centers submitted a sample of their data that were used to assess their progress. Results of this data analysis were presented at each regional meeting. Complete transparency was used to facilitate discussion of success and failures and ideas for successful implementation. Early in the implementation process, it became clear that clarification was needed about who should complete the checklist and what action would be taken if the patients did not receive all of the interventions in the readiness bundle.
Calculation of Bundle Scores
The readiness bundle consisted of 7 interventions. A scaled bundle score of 0 to 100 was calculated for each patient to represent the percentage of interventions applied. 8 Rules were established for a score to be calculated: (1) a patient must have data for at least 5 of the 7 interventions; (2) each intervention would be given a score of 1 if achieved and 0 if not; (3) for timing of myocardial infarction, which applies to a subset of patients, patients were scored as "1" if the surgery was at least 3 days after the myocardial infarction and "0" if the surgery was less than 3 days after the infarction-patients with no myocardial infarction were scored as "1" to keep them in the calculation; (4) if a medication was contraindicated, it was considered missing. Scores for all interventions were summed and divided by the number of interventions used to create the score, and then the total was scaled from 0 to 100 ( 
Data Analysis
We examined data from the 8 medical centers on their 150 most recent urgent isolated CABG patients (n=1200). The association between bundle scores (<80, 80-99, 100) and in-hospital mortality; a composite outcome of death, stroke, mediastinitis, and renal dysfunction; time to extubation; and postoperative length of stay was assessed.
Stroke was defined as a new focal neurological deficit that appears and is still at least partially evident more than 24 hours after its onset, occurring during or following the CABG procedure and established before discharge. Mediastinitis or sternal dehiscence was defined as 2 of the following with no other recognized cause: (1) organisms and white blood cells seen on Gram-stained aspirated fluid, (2) deep tissue cultures showing growth of microorganisms, (3) radiographic evidence of infection or sternal dehiscence requiring reoperation. Postoperative renal dysfunction was defined as an increase in serum level of creatinine to more than 2.0 mg/dL (to convert to micromoles per liter, multiply by 88.4) and twice the most recent preoperative creatinine level or new onset of dialysis.
Univariate comparisons of patient and disease characteristics across bundle score category were performed by using χ 2 tests for categorical data and nonparametric tests of trend for continuous data. P values less than .05 (2-tailed) were considered statistically significant. Crude time-to-event (survival) curves for days to discharge and hours to initial extubation were estimated by using the nonparametric Kaplan-Meier method. The log-rank test was used to compare crude survival by group. Cox proportional hazards regression was used to determine crude and adjusted hazard ratios with 95% CIs, using a bundle score less than 80 as the reference group. Adjusted outcome rates for mortality and combined outcomes were completed by using logistic regression modeling and direct standardization techniques. The following covariates were used in both the multivariable Cox and logistic regression models: age, sex, body surface area, preoperative left ventricular ejection fraction, 3-vessel coronary disease, left main coronary stenosis, preoperative white blood cell count greater than 12000/μL, recent myocardial infarction (within 7 days), prior CABG surgery, peripheral vascular disease, diabetes mellitus, preoperative dialysis or creatinine level of 2 mg/dL or greater, and chronic obstructive pulmonary disease. Statistical analysis was done by using STATA software version 11.
Results
Patient and Disease Characteristics by Bundle Score
In the bundle score analysis, all but 2 of the 1200 patients had data for at least 5 of the 7 interventions, which was a requirement to calculate a bundle score. Patient and disease characteristics were grouped by the readiness bundle score ( Table 2) . Fifty-six percent of patients had a perfect score of 100, 31% of patients had a score of 80 to 99, and 13% had scores less than 80. Lower bundle scores were significantly associated with female sex, higher white blood cell count preoperatively, vascular disease, diabetes, congestive heart failure, lower ejection fractions, and having had a myocardial infarction within 7 days preoperatively. Lower bundle scores were not associated with age, body surface area, prior surgery, chronic obstructive pulmonary disease, left main coronary stenosis, or 3-vessel coronary disease.
Patient Outcomes
Crude mortality rates were significantly lower in patients with higher bundle scores (score 100, 0.9%; score 80-99, 1.1%; and score <80, 3.7%, P trend=.02). Once adjusted for patient and disease characteristics, the effect remained but was no longer significant (score 100 and score 80-99, 1.0%; score <80, 2.6%; P trend=.15; Figure 1A) . A composite outcome rate for mortality, stroke, mediastinitis, and renal dysfunction was assessed. The crude composite rate was significantly lower in patients with bundles scores greater than 80 (score 100, 3.4%; score 80-99, 6.3%; score <80, 7.4%; P trend=.01). Once adjusted, the effect remained but it was no longer significant (score 100, 3.6%; score 80-99, 6.0%; and score <80, 5.5%; P=.10; Figure 1B ).
Median hours to initial extubation were fewer for patients with higher bundle scores (score 100, 6 hours; score 80-99, 7.0 hours; score <80, 9.5 hours, P for log-rank test <.001; Figure 2A ). After risk adjustment, patients in the highest score group (score 100) had significantly shorter extubation times than did the patients with the lowest score (adjusted hazard ratio=1.45, 95% CI=1. More than half of patients had a perfect readiness bundle score of 100.
scores less than 80 (adjusted hazard ratio=1.30; 95% CI=1.06-1.60; P=.01). A hazard ratio greater than 1.00 indicates a shorter intubation time and shorter lengths of stay.
Median days to discharge ( Figure 2B ) decreased by 1 day with each higher bundle score group (score 100, 5 days; score 80-99, 6 days; score <80, 7 days; P for logrank test <.001). The effect persisted after adjustment for patient risk. For patients with a score of 100 versus patients with a score less than 80, the adjusted hazard ratio was 1.35 (95% CI=1.11-1.63, P=.002). For patients with scores from 80 to 99 versus patients with scores less than 80, the adjusted hazard ratio was 1.19 (95% CI, 0.98-1.45, P=.08). The overall number of preoperative myocardial infarctions within 21 days of surgery was 323: 48 within 2 days, 214 within 3 to 7 days, and 61 within 8 to 21 days.
Each intervention from the bundle was analyzed for overall achievement, and most rates were relatively high ( the day of surgery had the lowest overall rate of success at 74%. Achieving a preinduction heart rate less than 80/min was successful 77% of the time, and a hematocrit greater than 30% was achieved 89% of the time for men but only 68% of the time for women.
Discussion
Our quality improvement intervention improved the outcomes of urgent patients undergoing cardiac surgery in northern New England. For patients receiving the most evidence-based interventions, we were able to reduce risk of mortality, morbidity, time to extubation, and length of stay. These interventions included use of aspirin (within 7 days), use of a β-blocker (within 24 hours), use of a statin lipid-lowering agent (within 24 hours), hematocrit greater than 30%; 6 AM glucose level less than 150 mg/dL on the day of surgery, delaying surgery a minimum of 3 days after an acute myocardial infarction, and induction heart rate less than 80/min.
Our intervention drew from published evidence. Although numerous studies have addressed reducing extubation, most involved too few patients to detect a Readiness bundle score Readiness bundle score difference in mortality. 9 In a 2012 meta-analysis, Zhu et al 9 concluded that mortality and morbidity did not differ for patients extubated early (within 8 hours) and patients extubated later. However, patients extubated early had a significantly shorter stay in the intensive care unit (although not in the hospital) than patients extubated later.
Other interventions such as use of aspirin, β-blockade before surgery, and blood sugar control are all known to reduce mortality, morbidity, and length of stay and have been incorporated into the guidelines of the ACC/AHA and the Society of Thoracic Surgery. 4, 10 In 2002, the adequacy of β-blockade before CABG was studied in 5934 patients. 11 Fifteen percent of those patients had a heart rate of 80/min or higher. After adjustment for patient and disease characteristics, patients with a heart rate of 80/min or greater were at an increased risk of in-hospital mortality compared with patients who had a heart rate less than 80/min (P<.001).
During the current study, evidence was published regarding the benefits of administering statins before surgery. In 2006, Clark et al 12 published a study of 3829 patients undergoing cardiac surgery. They compared patients preoperatively treated with statins with patients who were not treated. Clark et al reported a 40% reduction in 30-day mortality and a similar reduction in composite morbidity (stroke or cerebral vascular event, myocardial infarction, reoperation, and hemodynamic collapse). Participating NNECDSG medical centers added this strategy soon after implementation of the other 6 strategies.
Additional strategies included delaying surgery for 3 days after an acute myocardial infarction. This recommendation was based on data from the New York State Cardiac Surgery Registry published by Lee et al 13 in 2003. Lee and colleagues examined the timing of revascularization after a myocardial infarction in 105074 patients undergoing cardiac surgery. They reported an increased risk of operative mortality for patients who had surgery within 6 hours after a myocardial infarction (mortality, 14.2%), versus 6 to 23 hours (13.8%) and 1 to 3 days (7.9%) after a myocardial infarction. The mortality rate after 3 days decreased to 2.9%, and after 15 days it was 2.7%, leading to the conclusion that delaying surgery by 3 days after an acute myocardial infarction is recommended.
Our implementation strategy relied on the use of checklists and order sets. In 2009, the World Health Organization introduced the use of surgical checklists to increase patient safety. In a study by Haynes et al, 14 this checklist was implemented at 8 hospitals, which resulted in a reduction in mortality (1.5% before checklists and 0.8% afterward, P=.003) and a reduction in complications (11.0% to 7.0%, P<.001). This study confirms the value of using checklists and order sets to improve care.
Limitations
Several limitations of this analysis should be considered. The sample size from each participating institution This study confirms the value of using checklists and order sets to improve care. is relatively small. The sample size was chosen to reflect current practice at each center. A larger sample size might have allowed subgroup analysis to determine the most effective interventions. There was no control on how the readiness bundles were implemented. Centers used either a checklist or standing order sets. This allowed centers to insert the readiness bundles more easily into everyday care at their center. Therefore adoption of these bundles was relatively high at each center.
Centers continue to work on the least successful interventions, heart rate less than 80/min, blood sugar less than 150 mg/dL, and hematocrit less than 30%. The hematocrit data used for this study were a patient's postinduction hematocrit, which may be an underestimate of the true preoperative hematocrit as most patients are given fluids in the operating room before induction.
Conclusions
Successful implementation of evidence-based interventions to optimize patients' "readiness for surgery" was associated with reduced risk of mortality and morbidity, shorter intubation times, and shorter hospital stays for urgent patients after CABG surgery. In the current health care environment, it is increasingly important to provide quality care while considering the resources needed to provide that care. CCN
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• Preoperative interventions improve outcomes for patients after coronary artery bypass surgery (CABG).
• The Northern New England Cardiovascular
Disease Study Group's (NNECDSG) undertook a quality improvement effort to reduce mortality for urgent patients undergoing CABG surgery by optimizing a patient's readiness for surgery during the preoperative period. Urgent patients are not at risk of immediate morbidity or death but are too unstable to be discharged.
• Interventions to reduce a patient's risk of death were identified through a review of the literature and the recommendations from the 2004 American College of Cardiology/American Heart Association • The interventions were grouped into a bundle called the "readiness bundle" that included 7 interventions: use of aspirin (within 7 days), use of a β-blocker (within 24 hours), use of a statintype lipid-lowering agent (within 24 hours), preoperative hematocrit greater than 30%, 6 AM glucose level less than150 mg/dL (to convert to millimoles per liter, multiply by 0.0555) on the day of surgery, delaying surgery a minimum of 3 days after an acute myocardial infarction, and induction heart rate less than 80/min.
